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CCKCCCEI7HY HEAT1«S A .OUBIEBFBKBttJ OIL SHUS 'JO 
CHSiVTB PERMEABILITY «® «lK5SOJ»faV PRODOT OIL 

W« invention r<d*tea to recovering oil. frccn a subterranean 
oil afaala by ™«™ of a condustivo teat drive pre***,, Nbre 
particularly, the invention relates to treating « naively thick, 
-a substantially caipJabalr inperneable suiHcrrancan oil Bhaie by 
name of a. conductive heating preasa. which both creates a 
mabl* uitbir, a elected portion of th. nil shale and 
subsequently prxIushb ehaie oil hydrocarbons. 

A pwreabilily-aidrf type of conductive heat drive far 
producing oil from a subterranean ail ahal* w invented in swocten 
by F.LJvngstroB*. 3bat process, which invented about. 40 years 
ago, was comorcially u**i on a srall seal* in tho l&Mls. It ia 
described fc ^ Patent* No*. 121,737, 123.136} 123,137, 
t»,U.r 125,712 and 126,674, in Unload state, * aten t to. 
2,732,195, an* in journal 3^^. ^ M . ^.^^^ on 
ryrolysi* ^cording to the Ljungstroa* Hatted", m Vbln*. » 
("53> to. 3, pagas IIS to 123, ma -Met Bnsrgy itocovorias the 
» Sita Oielsctric (testing 0/ Oil stole-, oil Shale Symposium 
Proceedings 11, pag* 3U to 330 (l978K a ^ 

teat uvjeceion walls and fluid producing walls «ere ooopletad 
within a penteabl, nea^wtfiaco oil shale formation ■» that there 
vws less than a thraa-nBtr* separation bat*** the teratoma. n» 
»-* Section wells mxc equipped with electrical or otter heating 
oleaart* uWch «ra auxwundaa by a raws of material, such as sand 
or cwant, arranged to transmit heat into the oil shale while 
preventing any infWng or outflcwing ol IluixJ. m ths oil anal, 
for which the swdtsb prooass was deaigned **3 tested, the 
P^biWty 1^ such ttat. due to a emtao. inflowing of ground 

a ccrtirocus punping-out of water uas naadad to avoid 
wasting energy by evaporating that water. 

With xeapsot to .auhetaufciaJJ.y ccoplefely kpuruKable, 
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mlativsly fa* and datively thi<* oil ctaie depots, st«* as 
tto«, vn the PicBa™* ftwm ta the Unites state, the pr»«i M lity 
«£■ utili^ne, a ecuuuetiv* hsatiag prtwa^ fcr produolxx, oil *a» 
previcualy ecnei,^ to be- ac^, to pj;Aor ^ 
beliefs - e.™dcaU ? unfeasible, for ex^L,, in tto 

OU by ec**^ tubular rtaoxfc.! heotiBg e3an£nta udthjn 

ta*-t»* ^ dcpocitB. m S ^uhed rsliad w ordin^y ttol 

<33ffUSl °" fer o< ooitoe, r«,,i w 1^ 

t-|WMw gradient.,. Wm , ^ ^ 

r^red to Ml y «torc aall zmim blocks of ^ 
Also, «* beat energy «u waat* in uufc^u*, the x^,* 
b^cxvi tho p^phary of ti* M ^ ?onfi ^ ^ 

closest to tte heat onrce. Th(1 latter ^ u 

Want », the of ainw ^ 

overha^ted zona.,, cannot b. fuUy nxoven* by ditt*^ duo to 
odotlumfe action, take puce abova *»t W 0 fp^e 

in -■whstantially i^meablo typ*. of nrtativcly thick 
fiUbtoc ™ n 011 ^ *— «„, tte cre^g and of 
a pc^bi* ^ togh «hleh the p> TOlysia be flow* 

a, been f ourxi to be a severe pttjbiam , fc ^ Patcr|t fc , 

involved « the transport of beat tJttoagli the oil ^l e . Heat io 

^ferrod ^ the „U<1 .« of oil 8hate * 

boat ia B i*> tarred by convect^ ^ EQli[ , ^ Qf 

P^-. Ofce average Cheryl oc^^vit^ and av^ tte^! 
^sivity 0 f oil a re ^ ^ a 

^"1 ° ^ ±Mfi ta ^ ^*i«ty nuch life 

^IT.T 4 ^" ^ * ^ CMTCCti - ^er of ^ i* 

^ ^ heatln? ^ ^ ««« *caiflcd ii, open chann^ wM ch 
mVCrSe ^ ni l ^ ^ channels may b» nat^l ^ 

artificially induced fractal. ... a, ^t.^, a ^ of 
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pyzuly** all dul* bail* * d36oafjt cbannel> nds , g ^ 

J-te la/or is an evcr-expandi^ lamer to heat f i w firm th» 
heating fluid in the chamd." g» patent l» dieted to a proc,™ 
for drculati^ heated oil Bhala^.y^ fluid ^ , a ' 

ctTLT ^ iV ° * Ci ~^ nuid to 

ch^lr ^ tein9 f0nrad to the 

Alttojgh the thewal coBcbctivi^r ^ tivMtal ^wvit* of 

U»» of unoL^d por«Ui» firefcriefc, us Pa te„ t » 3 , 237f689 
potato, that -« rapid «W« of a ll0at flmt . ^ 3 ^ 
can be obtained by exchanging baat brt^en tte oil aha* art a 

reactore either located on «• earth's 8urfaca or ln t]to oil ^ 
aepo&it. 

<* Patent Nb. 3,2M,2U1 «y, ( 8t Ool. 1, li^a 3-21) 
Paction of oil f^n oil shai*, b, tte ^le by 'various 

— » as ... an el^trical Stance heater ... has b^n 
attettptM ^ Uttla • • • ttacturi*, cl tte shalo on 

«-«■ ^ the appi^ of heat by j. sita oo,*^ or 

otter reans has bean practised «ith lime suroess tetawsE ^ 
stole *w*:.l 3 upon l^ati^ witt , co**^ ^ ^ ' 

olesuro of the tracts. ^ ^ descrll)ea . of 
^tially ^ (ana ^ ^i^j ^ 011 ^ 

^ fiUid to ***«U-My fracture tte ^oiLux sb*l*. 
repeat tno M ^ WItil a lj2et - Kt ^ B frictutB ^ ^ 

propagated i*to a production wall, 

US Patont No. 3,455,383 daacrib* the *xwnulati« of 
partially ^ M oil ehal, to^t, a f to dm* 

as • fracturo being U epaa by to Qf ^ 

r° 18 iifb5d to * f i» ^ above 5TCjl a lay^x of 

***** ^la, the ^x^g f^ tiflnB ^ ^ ^ ( withwt 
P^ut^, „ m bend to an extent ^ ^es to ^ up 
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^"^tha wight oi a, cverburton to and oo™ 
the layer of deleted shale. ^ fUCL 

**ln * raa cun» * is in ^ Iortn ^ 

In OS Patent No. 3,389,975, dl« eta3 to reoovo^ 

^ ^ deP0£ltS ' * " « tt*. in a substantial 

****** of wter ' at **«*ww of about UOO *H the ct»*ordt* „ 

■«*-*>■. tolanlta ^ ^ ^ to ^ ^ 

pennlttug a higher raeov** the aluminium valua, * H 
US Batartt Hp. 3,502,372, dieted to Utlli^g 

<"»««< a^^, ittmrtte cmducte3 at a 
- **atl*el y e^ ly , to ^ tllc 

*?V atUra ^y 3 - 13 ^tomato* «ith injections of an » MI 
in loadung da.wonite without fop*,* 3 uch msolubla xnatatials 
tattl* a tebterxan^t oil anal, for^ti^ ta s ^ fl 

f^T y ' ^ tlAUy * ««. thi. 

lnV8ntitX1 ' tJ * P"*^ shale a^ittobe t^ated ie 

selectel, on tha basi* of tito variation Mth depth in tha 
°»Pcaitlon an people, of itx <xnpc^t B> to ^ 
«to « ir^tac^ ln . ^ ^ ^ ^ 

the heat fronts to on Mt ent luting tto tfaa ana energy 
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-pe ad nur„ Pro<lttclng tha BU t ; s ; alMs e<wi : a ^; 2 t 7 o 43 1(!(iB than 

tli- v. llle or oi! whicll la The Ml#ctlM of thft 

t«.t«nt interval u „. M4 oa th . fW-# ^ ^ d£ ^ 

Por tloa of oil Bhai . tfepoBlt t0 b , tteated ^ enJianMMnt ^ 
provide, awMlnt8 Co Xfll|uolDg ^ ^ heat ^ ^ ^ ^ 

exothar* ic «id« rMetions „ A iaerwiD9 the MW-t Qf oij 

recovered fro. a aivan ,rade of oU Bhale . 

la accordance with tnia invention at u.« two Will . € „ 
into a a^terrano.^ .„ traatBMt 1WfU ^ 

i» -ubatantially iaparn.aMa. contain. auHtanti.liy n 0 , oblla 
water, „ ac laa9t ^ 30 , th±ekr ^ ^ ^ 

« proeeaa Pr ...„«, at laaBt wtotMU#Aly ^ 

interval, and cantata, a gf .d« „, ttlrtMM of ^ ^ 

tbnt averaaa grade in Mll0M o£ oiJ plM , > wiv&leBt „ 

ton Fi,o*„ A ,„ y la mt leMt ahont ^ ^ Q£ ^ 

about 90 0. 

Thua, tb. present motion P rovld„ lD a process i„ 
cu J. produced Cr0B 4 subt „ r „„ n Q1I shfcl- deposU ^ 
extendi** « lMK on# %>ch wf tntmlniMn fluia . pro4ucln9 
«U. into the dapo.it. a.tabli.aing „ heat-conductive fluid- 
iupen.eaMe *at».. n iattriox 0l ^^..^ 

«U «nd the adject dapo.it, a n < than heating interior of 
«ch baat-injactin* *,n at a taapa „ tttIa 8UfllB1(f((t ^ 
-.doctivelv Wt on . hal , k „ 8 , an ^ 

- «,aat U raa Wi tni n t0 . oU tht6ugh ^ ^ 

,vroi yal8 Pro4aot . ara di , plBMd 1mm at ua>t pco ^ ua 

"•11. an iaprcamant fo T anbanaiag th. .Mra»it» o£ tna boat 



128S043 

front, aevio, ttrou ^ tlw 0U shale d6po§jt> which m ^ m ^ 

detenum** variation, „Kb depth m the conpoeition and. 
properties of tho on ahaU deposit, 
- coveting „ ld heat-io,.cti„ g ana ilulo.pxoo«cl B9 

actively ,„to a ttuut interval of rtl eaale ln Mh±cJl 
the oil shale aepo , lt (a , l8 „ least ^ 3o ^ 

i. ■utatMtl.ll, imperaeabl. 8ree of wt(Jr ^ 
C-l a coapositio* and tkiota.„ WA taat ^ procluct of 
the avenge riecher aeeay grada tlM . ^ thickne.e Df the 
treataent interval i. at iea.t about 900, „ a <d) thorny 
contain eoapon.nta „mM. of Interact!*, i„ a „ aan „ 
onhanoma the uniformity of • front of condnctively 
transited beet, *ith „aid „ell a bainff „ ^ 

at laaet *u».t*»ti a ily throat eaid tte,fc»,„ t Interval, 
the well borehole, are wb.Unti.il, par.ll.i and are 
operated by acb.tantlaliy equal di.tanee. o£ at leaet 
about 6 mj and 

vitbi* the Verier of Mcn ta «-l» j ..fc,„ Mll Mlafcu>lDg 
an average temperature «Mc h , eelectliely a i on9 8ald 
treats interval, i. at leaat about M°c, but ie not 
high enough to th.r»,i ly aWBaM equipment within the well, 
vfhile heat is being tran.nitted. away *ro» the w. U at „ 
**t. not rtajUfWiT faateir ^ that ?m by ^ 
thecal oond^ctivitle. of the earth for»atio„, a «j aMnt t , 
the beatee interval witMn the well. 

in a location In which , subterranean oil . hala fflav 
contam portion,, w M ch are ,en.raUy suitable for us. ae a 
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treatment interval (as described ebova) but ace ape to be 
Pernoated by substantially disconnected natural fractures and/or 
Planes of weakness as wall a. being located near ho«n4ariee of the 
oil recovery pattern and/or near a potentially active aq U ii«r. the 
operation or th. present pro«ess can advantageously b. combined 
-ith a use of -guard walla" locate «.ar the periphery of the oil 
recovery pattern and/or between a induction w ,n and an aguifer. 
Soch guard wells are extended at leact substantial throughout 
the vertical extent of th. treatment intervale and th. adjacent 
formation, are initially heata d by taenia! conduction Jn a Banner 
similar to that enplcyad u, the heat-injecting walls, except that 
the guard wells are heated at temperature e which are too low to 
sasify significant proportion of the oil shale organic components 
but are high enough to cause a significant thermal expansion of 
the rock matrix of. the oil shale deposit. 

in some Instances, it hay he desirable to maintain such 
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relatively lew carpers guard wdl Imating ttaoughooe at least a 
substantial pom*, of the shale oil r*»«ry p™*«. m other 
instant, aftar an initial n»3 lively low ten Wing of 
the guairt wlls, it nay advantageous to h»t guard mjIIh ut 
a}XJUt 1118 **«TOlw» selected ibr the heat-injecting welle, ^ 
order to expand th B pattern of toll* from ^i C h oD is displace V 
Lhsrmal conduction. 

as used heroin regarding the grade of the portion of oil Bha.l.e 
to be treated, the "average grade in gallons per ten by Fiachar 
Assay" refect to the taUnriag, c« .tetaiadnation is or u 
equivalent to a <fetarndn* U rtt conducted Substantially « d~«rited 
»n the flfiiM standard Test Msthnd n 3904-60, Crushed raw ahals i B 
aarnptad by rifn^splitting. -to □etemtotion of tho am*,* of oil 
plU * gas wiva-uart available- f«« oil u made by heating tta 
raw fihal* fm» aslant Commute to 500 «c in cast aiuuwiiia. 
aUoy retorts. fl» vapour distilled fwai tho aaBS >i« «, cooled and 
tha condensed fraction u collactad, a, oil and vatar fractions 
are separated, tba water vdIum loom^rted to weight equivalent) is 
manured and attracted Sron tho oil pL» water v^igfat. ^ lght . 
of mKandMsahlfi W evolved <gas-plus-los 6 ) is then calculated 
by deference. He gxad*, as u-ed in the "grade tires thickness in 
metre* of oU shale- product, i* the gallon of ©ij plns 
WKxarbon gas sclent corresponding to tte total ^ight oU 
plus hydrocarbon gas evolved by the heating. 

H« tall, are ccnpleted into the treata* interval and ar* 
arranged to previa at least one each of heat-injeotlfts and fiwid- 
pndpOn, wU * havluq borehole* which, substantially throughout 
the troatnent interval, are aubstaotiaJLly parallel and ate 
separated by substantially equal distances Q f at . least about 6 t«. 
Ifl wll, substantially throughout the tmts** 

interval, tho nUl-sunoundin, face of the oil shale tattoo is 
sealed with a solid ratorial and/or c«nant which is relatively heat 
<»tajtiv« and substantially fluid inparteabl,. Xn 
product <*>ll r substantially throughout tho tratoit interval, 
fluxd omication is «,bablisbed botteon the Well borehole and 
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tha oil shale formation and the well, ia arranged lor pi wincing 
fluid frori the oil shale formation The interior of each, 
teat-injecting mil is boated, at least Hobetaj^iaUy dtttxighcut 
tJie treatment interval, at a rate or rates capable of (a) 
increasing the taiperwtcre within the borehole interim: to at least 
abayt 600 Q C and fh) maintaining a borehole interior twipesratwre of 
at least about 600 °C without causing it to become high enmgh to 
thejttally damage equipment within the borehole while the rate at 
which boat i* generated in the borehole ia *db*?timtSa3 Jy equal to 
that peraticted by the hsaat oonvlwtivity of the oil bhale forration. 

In a preferred entodiikent of the present process, the. notarial 
for dealing the face of the oil stale tarnation along the boreboLo 
of at least one heofc-injecting well is a closed hottm rawing 
grouted by cesaaat ^ranged to fill substantially all n£ the apaoe 
between each outernost nntniiic elenwrt present; within tho interior 
of the borehole and the adjacent face of the oil shale fiorration, 
with said cement having a thermal oondactivity at least 
substantially as high as that of the oil shale formation. 

Deteriorations ana mode of variations with <3cpth ill tha 
cxirpositioct and properties of the oil shale deposit and, in a 
particularly preferred procedure, baaed on the variation with depth 
in the heat conductivity of th* 0 ±\ gi^xe deposit, tha heat- 
injecting ws.13.-5 are heated so that relatively higher Cenperaturos 
are applied at depths adjacent to portions of the oil shale deposit 
in which the heat conductivity is relatively low. In addition, or 
alternatively, in various situations, the effective radius of at 
least one heart-injecting well is increased by creating an expanded 
portion of the wall baroJiola nnd extending heat-oooduattng metal 
e3fioenta from within the heated veil interior to near the well of 
tha expanded portion of the borehole* 

the present process is valuable for uee *ithin a txeatnent 
inteirval of oil shale which contains other valuable arinaral« such as 
dawaonice and/or nahoolite. In such a situation the present process 
creates a pentcablo *oca which ia selectively located, within the- 
treatment interval and substantially within tha JxTundaries of tho 
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well paitorn used for the oil pro&icticru ThH resultant pcoanaable 
zone ie a aona frccn which snch other Minerals can ha snlntiorv- 
niined* 

In geosral, tte present invention Ls applicable to 
substantially any subterranean nil shale deposit cmtoining on 
interval of BUbBtanHally iiq%jntK^le oil shale which is 
substantially free u£ mobile water, is irore than acmit 30 to thicfc, 
acid has an adequate average grade in gallons par tun (Fischer 
Assay) to give a grado-thickness product ot about 9G0 or greater* 
Ths avorage grade of the heated interval should he greater titan 
about 10 gallon* pur tan (Fisclier Assay). Within these limitations, 
a hicjhsr gradc-thicknese product i.s increasingly desirable if other 
conditions such as depth remain the sane. 

invention will now be explained in greater detail with, 
reference to the aoooapanying drawings , in which* 

Figure i shows a plot of relative rate of return (RR) for 1982 
US dollar* invested in installing and operating the proco&s of the 
present invention, an a function of oil shale grade-thickness 
tttni) product, to produce shale oil at it* 1982 valu«s, 

Figure 2 illustrates a plot of thermal profilas at an 
observation wall regarding tejt&eratures measured at. different 
depths to) and times within that wall. 

Figure a is a plot nf the radial thsrmal profiles at the 
*d*3dla of a heated none after different tixnea of heating. 

Figure 4 is a plot of thermal conductivities parallel and 
perpendicular to the bedding planes of an oil shale as a function 
of tenperature. 

Figure 5 is a graph of Fischer Assay yield with depth (D) in 
aruJ abevo a heated portion of subterranean oil shale. 

Figures 6 anJ 7 are plots of horizontal and vertical 
twifaarature profiles within a heated portion ot subterranean oil 
£haltt formation. 

Figurs 8 is a echeaatic illustration of a paction of a weU 
coipletion Brrang-irpnt suitable for practising the present 
invention. 
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vwil pai'tom us*S .tor the oil promotion. The result anu pcrmDahle 
7xm >■* a **** «Hicb snch other minerals can ba aoUiti on- 
mined* 

In g*r»ral, tJte present invention is applicable to 
substantially any subtcminaan oil *hal* deposit oorcaining an 
interval of ttibetanHally iiTrpaiWiablft oil shale which is 
substaiurUOly £reo of mobile water, is fforc than abnnt 30 to thicfc, 
and hag an adequate average grade in gallons par ten (Fienher 
Assay) to give a grada-thiekneeB product ot about 900 or greater* 
Ths avorage grade of the heated interval should be greater than 
about iO gallon* per ton (P^clier Assay} . vathin thaea lirnitatlcmc, 
a higher grade- thickness product i.e increasingly desirable if other 
condition* such a? tfspth nrnin the sane. 

Ste invention will new be explained in greater detail with 
reference to the aooenpanying drawings, in which: 

Figure T shows a plot of relative rate of return (RR) for 19B2 
US dollars invested m installing and operating the procaas of tha 
present invention, a? a function of oil shale grade-thiokneaa 
(GCTI) product, to produce abala oil at its 1982 valoe. 

Figure 2 illustrats* a plot of thermal profiles at an 
observation well regarding teK^atures treasured a t different 
deptha (D) and tins* within that wall. 

Pigure 3 is a plot of the ranial thsnrol profiles at the 
middle of a heated none after different tinea of heating. 

Figure 4 is a plot of thenral oanducti\ritiee parallel and 
perpendicular to the bedding plarjea of an oil shale as a function 
of tenperature. 

Figure 5 is a graph of Tlacher Assay yield with dspth (D) in 
and above* a hasted portion of sufl>terrarifian oil shale. 

Figures 6 and 7 are plot* of horiraiul and vortical 
tenperature profiles within a heated portion of; stibtacxrarcm oil 
simile fbrcnation. 

Pigure 8 ie a schematic illustration of a portion of a wsH 
occplation arrano-nnpnt suitable for practising the preeent 
invention. 



- 10 - 

tar sand, Ljungstrosa teactes that tha in flitu heating and 
pyroly^ing should to dona in a portion of tlte ispajroablc formatioci 
which is vertically oontigiious to a well- intur cunnfictinq fracture 
or a layer tAiich ho* different geological character and is 
permeable to flow of the fluid product of the beating ur 
pyrolyais. 

Contrary to tlve implications of such prior teachings ar-rt 
beliefs, applicants diaoovaftad. tlsat. the presently deem bad 
conductive haating process is facananically feasible for use in a 
substantially ijtpsrmeable subterranean dl shale* This is not 
obvious, particularly in view of the fact that tha present process 
uses a rraich larger well spacing than tbat usod in the Swedish 
process and the preaeiYt pccccsfi is condncted by heating the 
injection wells to tenperatures of at least about 600 >C < although 
600 *c tins bean said to btt conduci.ve to a)\ econaiiccUly untenable, 
heat-wwting, erjd^jermic reaction see the Oil Shalt* 9ynpoeHw 
Proceedings roentioned above) . 

By means of laboratory and field tefit Jneasurements and 
jnatheraatical models of the present prcoofis, applicants have found 
tliafc whan the wel3s ar© spaced, completed, end operated as 
presently <teecribed, the only region in which beat energy is 
utilized in an endotharinic reaction amounts to lea? than about U 
of tha ana* to foe heated, and tha energy lost in that fashion is 
ineignif ioaait. AiapUcarits have measured the rate at which 
substantially lupamiaable oil shale fortnatiana axe heated by 
conductivity, and have d&teriidred the amount of boat required for 
pyxolysiug ksrogen and thermally porassurieiog the pyrolysis 
products to pressures capable of fracturing a relatively deep oil 
sh3:ie rannatica and thermally displacing pyrolysi* prodnct« through 
tha so-created permeability, 

Ibe data nbtair^ad by such itettstii-enenta in the field and in the 
laboratory have been «nployed in oaloulatinna of power rsguiro- 
msnts, eocznociLcs, tims to start production, project duration* 
amount of production, etc*, in mathematical sinulationa that 
correlate wil'h the field and laboratory data and •iHi'-fTt- the 
magnitudes of such factors in respect to a full scale process. 
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Tlxwue calculations iitc&cafce that tha presently defined process is 
tha only ahala oil production process of wht.cb cwlicantn aro awura 
which is capable of economically obtaining oil frctt a relatively 
lew grade oil Khale formation, srach as aw in which tha Fischer 
Assay ia only 15 gallon* or leas per ton. This capability can 
■increase tha petroleum rew;& of a siamfficsjit proportion of the 
oil shsdo land* by a lactox of six. in addition, with respect to 
processes ior unterpxund mining and fltxiified in situ r«tnj;ting oi 
oil .nhaJe, the present process Rignifiomtly inr^reaees the anount 
of available resourcea by eliminating the n&tf far support pillars 
and i\}tarburdan between mining zona* and by providing a means for 
treating substantially all of a very thick interval of oil shale. 

The present process can oaVantagoously be applied to an oil 
Rhate f amotion in which titer© is significant oare^ntration o£ a 
tnin-ral such as c^wwnite or nahoolite. In such a rcuraation the 
proofs provide a peiracabls wane from which such a mineral can be 
recovered, in addition r the p resent process is particularly 
advantagsens in converting dawsonite to wator-sgluble caipounde of 
alumininiii (probably rho-alaniwi) which have been (both cbsndcftUy 
and physically) made available for soiution-aiiniJig to produoa the 
aluitiniura — an eaasntial notarial which is in short supply wiriiin 
the Onited States. In contrast to many previously proposed 
processes, the process of the present invention requires sub- 
stantially no water, involves irdnwnal lard disruption, and can ba 
conducted with minimal atrospharic pollution. 

Figure 1 Ehowa the relative rate of return for 1982 US dollar* 
invested in installing and operating the present process in field 
appl3t».tixans that have boon mathanatically nodelled from data 
obtains by field and laboratory neawracnts. 
KCTEU5 1 

k Dories of injection arcs production wells $s drilled into an 
oil *hale fomution 4B a in thickness with 120 m of averfcnirtten. ihe 
average, oil grade of the interval i» 20 gallons per ton as deter- 
mined by Fn sober Asray* 

Tite well pattern U a soron-spot with each heat injector ab 
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tha comer of a regular hexagon surrounding a central producdnq 
well. Th» spacing is 22*5 & between producers and .injectors. Th& 
pattern nopurta trith producers sharing tha inj«ntnre in eat* 
direction and aantiraw to tono a field-vdxfc pattern capabT>e of 
pro&icing a larga quantity of oil. The Injector-to-pn^ucRr racio 
approaches 2 to 1 in a large field. Tn Fbonpic 1 the total oil 
proaictvari is 25,000 boreal* per day throughout the lift* of tin* 
project. 

Ite injection weUs electrical haatar* are cwnsnted into Cto 
formation and oorrasfaad to a power souroo on too uurfoca. Tha 
production veils are oqjapped.witb standard oil field ptarps for 
lifting the produced oil to tha isurfaos* Vn& electrical injection 
rato it 3*23 x 10 G MWA«U per day. Tte tert&erature csf tte 
injector* uttaina 750 *t\ she production walls raocb a terminal 
tenparafrjjre of 300 *C after 33-34 year* of opera tlc». Production 
over thia pprtod averages 5-6 barraltf/cky par wall, with the 
avtsrago aiarfeiir of active producing wells balag fnac about 40dD to 
5000, float consun^jtion is 1.1 x 10 6 OJU/barrel of liquid oil 
production* 

Gaaecus products collected from the production wells my be 
msad fbr rm-aite generation of electricity at otter pazpoaaau lha 
oil-phase petroleum Which is «o prodnced is superior to con- 
ventionally retorted dials oil. Toe relative rata of xeturn which 
can be expected fxm the tffcaaple 1 situation is illustrated by the 
"ESC- 1" si tuition designation on Pignre 1. 
KXrtHRLK 2 

A aeriea of injection and production wells are drilled into an 
oU shale formation m in thickness with 300 m of overtoorden. 
The av&ragi* grade of the oU shale interval is 26 gallons p*r tea 
as determined by Fischer assay. 

Ths well pattern is tte same sswen-spot described in Example 1 
exD&pt the epaciog isj 13.5 between Kails instead of 22.5 m. Ttotal 
produattoj is 25,000 barrels/day txouqhout the li^ of the project* 
ibe injector to producer ratio atUl approactaM 2 to U In the 
wells, the heaters and production equipment are simiXar to those 
described in ttsanple 1, 
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rt «*rle»l injection rate is 10.35 x 10 6 BTO/well par rfay> 
Tto i/nectton well torr*ratuxeH r«** 7 SO 'C and the p/nuueti™ 
wells reach a final tenperatur* of 3t>n »c after a prcductloa life 
Qf 9-10 Prodactian owr this pariod averages 42-43 

baronsAtey per vwli, with the average nuu**>r of active proteang 
walls being about 600. «Eh* heat ccr*u«ptio» ifir^vio 5 rniVoanel 
of liquid oil proaxxxL 

As in ficatpLs I, gaseous products can be used for awitc 
pewsr gcnoratiflD or other purposes and the liquid product vnjj 
iucjher in quality than conventionally retorted shala oil* The 
r&Uitiini rate of return which cian be expected is illustrated by the 
M Ex. 2" situation <3enignation on Figure 1. 

Table 1 liau cnbiniitiora of oil, shale gradae, thic)tne 9 9^ 
and grade^hidenecs pceductB iihttb are generally suitable for *** 
in the rraumt; process. Tfca relative position* of sue* grade 
thicks products vith respect to the relative rate* of financial 
return are illustrate by the <fcsignatiaris "ftafisimrf Range" (P.rj 
and "EBpecially Prcfarred fengs* (B.p.r.j cm Figuro I. 

grade {qaUonc/ton) P uxtaess <m> Grade x Thicks 

30 $00 
45 900 
90 m 

Mare desirable grade rhidknoss oczwrdee axe shown as follows: 



30 
20 
10 



Grade fgailons/tan) yUictoiPBg to) Grade x ■ftj dmM s 
30 W> 4500 
25 60 1500 
20 300 600D 

15 «X» 9000 

" 225 2250 

in general, the higher the grade thickness product tta more 
rttoirubl*. The practical application is United only by the ability 
to hsKit the desired interval. 
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Field gtest Maasunaiittnt g 

Teste war* conducted in an culcropping of *n oil shale 
foinfttiaa which is typical of BuhntantiaUy ijnp*rn»ablH and 
relatively thidc oi3. shaLo deposits. Thirteen boreholes were 
drilled to tfaptha between 6 and 12 tn and man* arranged to provide b 
pattern of beat-injection, observation and tUjidrproduction walls, 
vdth tire borcholofc being Jipaoecl about 0*G in apart in order to 
provide a relatively rapid acquisition of data. Haat wan .injected 
at a rate of about 1000 watt* per metre for five day a. After the 
heat-injection wall temperature had reached 4S0 •C, a tenpferaturn 
fail-crX test was run for one day. 

Figure 2 shows the vertical thermal profOow in an observation 
well, as a function of tine. The date was fitted to a uathsraatical 
solution describing the tenpsarature difltdontioBi around a 
finite-length lira* Bonrna inside' a medium of thaxwal oandactivity 
(parallel to boddinsj) 3. 25 tncal/cn3-aec-*C and tharraal conductivity 
(peoTpGtndLaiilar) 3.25 monl/ctDnHiic-*C» <EVte specific ]ieat oapacity 
utilized in the ca^Lculatiajis was coooputed fron the thermal 
conductivity, tharwal diffusivity, end averaga bulk density of 
odcsb recovered during drilling' of the Wflllo. The thexnqphyeical 
prc^rtiee toe the tha oil tiiale in which the toattf viere conducted 
are surnnariJBed in TOble 2. 

TABLB 2 

l'nitial Reservoir Te^erattrr^ 
Fiedier Assay j 
Bulk Density: 
Thermal Diffueivity: 
Specific (feat Capacity: 

Figure 3 show? radial profiles computed far the middle of the 
Ivoated 20ou> for various beating tinea (t) . At the end of a 
tenqxaeature huildrup test of 140.5 hours, tha average fencatiom 
taiperaturo between -the heater and observation well worn 120 °C, 



9.6 *C 

20 gallon/ ton 
2,20 gtn/ori 3 
6.$ x 10" 3 cm 2 /i 
0.224 cal/gm °C 
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Figure 4 shews a comparison of laboratory vMubs and field 
data relative to tte thsxnal oanductivity parallel tn awl 
perpendicular to the bedding planes of the oil shale formation, as 
a function of tHrtperaturc. The laboratory conductivity Moa&urtotttnts 
were nede on adjacent samples of cores frcro the observation well, 
wring rare cotc* cut parallel to and «m cut perpendicular to the 
bedding plan**, A n.i trogav^tnoepJiera t*oa used to eOisunate 
OKidfttion reaction* Tha saraples weace conctraircd in tha vertical 
direction but ware free to expand radially. After the samples uere 
heated to BOO tt C, tJift radial expanaion averagsd \.45%. /is cJxwn in 
the figures, the laboratory valuee ore in excellent agreernant with 
tha values oonpibed fmra the field data. The ta*tK indicate that 
the thermal conductivity ia inmr In the direction perpendicular to 
tha bedding plana, because Jcerocen layer* have a lower conductivity 
than -tha dolomite matrix. At tenpaatures below ioa "C, the themeiS 
conductivity i» «*si«ntialiy iectrnpic, as observed in tha field 
tests. But/ that conductivity becomes increasingly anisotropic, a* 
the kgrogen is recnoved (at tenperaturea between 300 and 400 °c) and 
ga* begins to occupy the spaces bstMoan tha layere, Above 700 *C, 
both the parallel and perpendicular conductivity decrease aharply 
dus to the da ao ^ poeiticm of the dolomite and evolution of C0 2 - 

When a subterranean oil shals formation ia hasted the oil 
Bbalp. Gxpxntis as the bcoqperature lnaroaeee* When the oil shale 
tm**rature reaches a kerogen pyrolyaing tcoparature {for example, 
frcro about 275-325 *C) additional expansion forces are generated* 
£he tercgen is oaawsrtod to fluids capable of occupying a larger 
volume than tha kerogan, and such fluids become increasingly 
pressurized When the ttaperature is lncreaeod. As xnore fti«rf i& 
tiornud and mora fluid ia heated, hydraulically iwdoced fractures 
form within tho oil ehalo fonrotion. 

Fractures which are tydrtkulioally induced within subterranean 
earth formation* fans along planes perpei^.cular to t3» least of 
the threa principal crajprewlve stresses (Le w one vertical and 
two itatually perpendicular horizontal ccrapresiuve stresses) itfiich 
exist within any subterranean earth fpinaLL on. However, uhexe the 
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hydraulic fractures tend to ba vertical, horiwntal fracture* can 
ba formed by Luting heated fluido go that the tall* of the 
vertical fractures are lteuted unrtaJ they swell shut. Than, by 
increasing the F}\\i& injecticn px^hiuiib to greater than cwukuixten 
pressure f a horizontal fracture can be foened« Rush processes for 
thermally inducing thu fantwtian of horizontal f racmec by 
injecting externally hasted ana pressurized fluids ate described in 
patents such as the abo/e-nwticTO3 US Patent tto, 3,294,281;. US 
Patent Nb« 3,455,391 by C.S. Hattha*» f P* Vanwnra and C.W. Vblek, 
and US Patent Ro* 3,613,785 by P.J. Clotetanru 

applicants haw new di fcLu vvj.pd that when &^&tontially 
iiipentBaWe subterranean uil shalee hawing tbc presently specified 
combination or grade end thiotaosfi were craductively he&toO a» 
presently specified., a of parraeability was jjtewelcped botaeen 
wella within the oil shale. Although the present invention is not 
premised on any particular iTechaniani, in the course of such a 
treatment the heated oil shale- behaved as though it was subjected 
to the abova-dee^ibed type of proostaa for therjnally inducing tte 
formation of horizontal fractures. Such a behawionr was not 
predictable, sinco tha praeent process ia operated without any 
injection of any fluid. It appears that when the present process ia 
operated within an inparmeabla oil shale, tue in situ generation 
and displacement of heated and highly pressurized fluids occurs at 
the times and to the extents reeded to successively extend and 
horiBontally fracture through cux»*6ive portion* of the oil shale, 
vftisn those portion* become oondi>ctively hcatod. 2ha zona being 
heated appear* to undergo a relatively unifono, horizontals radial 
expansion through tho oil shale, at the rate set by tho therml 
conductivity of the oil shale, m each ttittMaiva location in which 
a Xerogsn pyroly2ij*j tEKperaturo is reached, fluids appear to be 
formed/ heated and pressurized so that substantially any vortical 
fractures which are fonwd within tha heated zone are subacouerttly 
converted to borirontal fractures. 

Applicant*' teats indicated that substantially all of tha 
fluid p/rolycis products of the oil shale tended to r&oxxn in or 
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near the liCTtioos in which they were famed until Uicy were 
displaced, through substantially horizontal fractures, into walls 
adjoining too lasat-inneci/ing wells. In nddieian, the fractizre- 
ij*iucijig pressure o£ fluids in the harfmntal fractures appears to 
haw* bran jsxtooed M tbas* fluids expanded end *ere cooled as they 
moved away from the hottest partial* of the touted zone. 

'ltras, th» print proosse seen to dndnoe this urging of a zone 
u± kero^OTr^EOlyzIxig teqperaturcs through the oil shftlfc 
immediately behind a zona of localized fracturing in vhidi the 
fracture* are, or soon become, horizontal fractures, Hie heating 
and fracturing eanen seem to undergo 4 substantially unifbrav 
harisontal, radial otproaien through tha oil shale, until the rone 
of fracturing reaehas a location (each as the bor«*ola ol a 
production well) from which the oil shale eyrolyaie products arc* 
withdrawn. 

In addition, appiicantB have discovered that, at least when* 
the overburden pressure ia wall, the 201* of perneabillty that i* 
created between adjacent walla i-etauis a significantly high degree 
of ptasreability after the ft^rnatione have oooled, Thua it appears 
that, ovran if the overburdsri pressure ia high, an a**licsrtioa of 
tba present process is capable of forming a «ell-ifitercora\octing 
zone In wbloh the permeability reraina high or can be xeadily 
restored by an injection of fluid after esme or all of the heat has 
dissipated* And, the degree and location of that permeability can 
be controlled by controlling the rate of removing «i*yj*? fro the 
producing walla. 

Thts data obtair^d by meeoireicentg in field tests of the type 
described above war* inclusive of: ton thermal conductivity of the 
oil shale fancaition, the amount of oil recoverable by Fischer 
analyris at varioia depths witiiin heated intervals of this oil shale 
before and Attar hatting, the roaasuranant of the amount of 
pyiaolysi* products recovarad r and the like. Whila no oconainioation 
oxistmi between beat ia^ootora and prcdooexs at teat start-up, 
injections at the end of the test dercoBtrated that permeable 
channels had formed* raw results of standard engineering 
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calculations were ii^icatiw of the applicability of a concept of 
the typo <fc*CTilx«d aba** to the result? obtained by the teatsj, 

Figmns 5 Is & graph of Fiachftr A*oay yields, £ra tt the target 
zone in the field r^jt, ac a function of di*pth n. Tte heated 
interval cstanded fixm 4.2 to 6 n. Una solid curve shows the yields 
hHfore the heating tnHaUiwtt and the. dashed curve -shew* the yields 
after TBfortittc, was eenpietea. yioldc before and attar w* TO 
oywmtially the ?an& outside tlta heated Interval. Tte mcaasur^nents 
were cnacb on mrea fron the centre of the patfcexrt before heating 
ana on cores about la an away after boating. The variations Which 
are apparent in thoaa yields are within the normal limits of 
accuracy for the neajivring of such values* 

the heated interval tho Fischer Assay yi<Od frvps frow 
an average of 20 gallecw/tnn- before the test to leas than 2 
gallona/ton aft»r Heating. 01* retorting efficiency within the 
process acne wan thy* tetter than SfDl of Fischer Assay. 

Tbe pattam and extent of tho reoorory confirms the fact that 
little oil was lost owsr the producing Jiorizon through vertical 
fractures, in addition, the onifonoity in rotorting efficient- 
through the heated zene, indioatea that therjaal fronts war* 
approxima-bily uniforra over irost of tho heated interval* 

The uniformity of the thermal fronts is even nore apparent in 
Figures 6 and 7. 'Ihsy show h^rixontal and vertical temperature 
profiles calculated for a ret of vertical heaters in d five-spot 
square pattern, tfm set need in the calculations included four heat 
injectors and one oontre producer (not shew, but centarod batween 
the hoators shown on the figures} . Each hcator uas assured to be 
M id long and heated ab the rate of 814 W/nu 

'ihe profiles iti yigura f> (graphs of tenporatur® variations 
with diRtaiicas frcro the heaters) ware calculated along a horizontal 
sogitoot which axeendfl bhrcugh ths? tuidh^oints of heaters at 
npposite. cornare of tl» nqiure. Figure 7 is a eiiailar graph of 
profiles along a vertical mgnafc 1^ on the axis of feyonetry of 
tiie pattern. 

Such calculations indicate that by the tiv* retorting 
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toperaturea (275-355 «C) art: reached at the centre of the pattern, 
norc than 87% of rtn vnlun* has boon currvertud while only about 14* 
of the converted voluau un* heated to norc than 225 *a Purthernore, 
the calculations ir-dieate that if the pewcx is turned off or 
redo:*** before tte Ocantn? rvachea a target: ti-nrpcratiALe each as 
325 *C, the 3 evelling off of tbo thermal fronls will still haat t)» 
centre of tha pattern to retorting eaaporaturen and will also 
recfooe tha txttpejratnre ri« at the hcatere. Sfaia node nf operation 
can ensure that Lass than lot of tha heated volurac is haiteS to 
ntwe than 3^5 »C, and thus can increae* the thermal efficiaicy of 

U» prccesH. 

In view of tho above teat mmlts and the calcdlaroonn ha*ed 
an those result 5, it appear that, contra to the prior teaching* 
and belief*, the ijiitial i^ntfiahility of an oil shale deposit van 
to utilised as an advantage. Iho initial iapamaahility confines 
the fluids and fracture* within the well pattern, since no 
payability exists until tha zone between the heat-injecting and 
f liiid-ttoxbcrmg Wills becone permsated by * pattern of heat-induood 
horizontal fractoree, 

in tho present proae-wj, the rate at which hunt ia txansmtted 
into the oil shale deposit is atrongly affected fcy the taiporaturc 
gradient between a beat-injecting well and the surrounding earth 
formation. In a preferred procedure., tha determination* of 
variations sfith dapth in the cowpoaiticai and properties of the oil 
shale deposit include a dotorMnation of the pattern of heat 
conductivity with depth within the earth formations adjacent to the 
heat-injecting veil. Based on such detemanaticas tfe temperatures 
to which At least one haat-injectincr veU is heated are arranged to 
ba relatively high at the depths at which the heat cendoctivities 
of tha adjacent earth formations arc relatively low* Ttdm tends to 
oausa the rate at which heat is transmitted through the earth 
formations to be substantially uniform along the axis of the 
heat-infecting well. MMwn procedure* can be utilized in ordar to 
provi/3a haxjher temperatures in portions of heat injecting wells 
adjacent to earth formations of relatively low heat conductivity. 



For example, in walls vhich are being heated by electrical 
resistances, additional resistant elenenta can be positioned at 
the location at ubich extra beat ins is required, preferably with 
precautions being taken te avoid the creation of "run-away hot- 
spots" due to increasing teitperature further increasing the 
reel stance and thus further increasing the heating, for example , 
aa described in the commonly assigned! Canadian patent application 
serial No. 495,854 filed November 21 T 19&5, by P. VanMeuxs and 
C.F* Van Kgniond. In wells being heated by combustion, more, or 
larger, or more heavily fired, burner elements can be positioned 
in such locations* 

Suitable determinations of compositions and proper tiei 
of the minerals and/or organic components of an oil shale deposit 
and the variations with depth in such properties can be made by 
meanB of known veil logging, reservoir sampling, and the like 
analytical procedures. The determinations can utilize previously 
measured geophysical or geochemical data or laboratory or core 
analyses, etc, for exaaple, the variations with depth in the heat 
conductivity of the adjacent formations can be determined by 
calculations based on the kinds and amounts of materials pre sent r 

and/ or by thermal conductivity losing measurements, etc. 08 

» 

Patent Bo, 3, SO 7 P 227 descxlbas a logging tool containing a 
constant output heat source sod three temperature sensors tor 
obtaining a log ot relet! ve thermal conductivity with depth, US 
Patent Ho. 3,892,12$ describes logging cased or open boreholes (or 
temperature, specitie heat and theraal conductivity, employing a 
constant output heat source and three temperature sensors, us 



-20a- 03293-2743 
Patent No. 3,&6d,9$9 aeacribea a logger Cor making station 
measurement* of thermal conductivity by heating a formation for & 
time tnen measuring the rate at which tiie temperature due aye back 
to the ambient temperature. UiJ Patent Ho. 3,9*1,1*7 describes 
lodging tbertal conductivity of a cased well by measuring the 
temperature ot the casing wall before and after pawing a heatad 
probe along the vail. 

Aa indicated above, oven with reape-et to a five-spot 
pattern In vhich a aingla fluid- producing well in surrounded by 
four beet-injecting veils, aubetantially all of tbe intervening 
oil 
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shale con b: both retorted oxd uudu permeable. However, tte present 
invention is preferably caploycd iii a hulIm* of antigiras seven- 
or tWrtecD-spot patterns — in either of which pattera 
(particularly in the tMrteerrspot pattern) the retort iixj rat* is 
significantly increased by having each f luid-picx^uoing well 
surrounded by six or twelve heacit- injecting «eJ,1«t. 

Ohe veils used in the present promoi can be etsrajleAad by 
substantially any metbnd for chiming a borehole into &nd/or 
opening «i psra-eKiafcincr borehole into fluid ccrammication with the 
subterranean oil shale lornation to be u&ed asimoii shale 
treatment .interval, m addition to luivlng the specified abswrxa* of 
significa n t ononntR of imbile water* fchjcAness, and grade of oil 
khale:, the interval to which the pwtt proe*** is applied should 
be capable of confining fluid art least substantially within the 
treatnent interval, at least in respect to allowing no significant 
leakage into overlying locations vtoen the prasraro of the fluid 
leaches process pressure, and fractures the fonraticto within the 
treatment Interval. The boreholes of wedls enqpleted for u*e in tlie 
present process should bo substantially rural lei and separated by 
suhetantiaaiy equal distances of at least about 6 ra. DccreJioJLt 
separation distances batwaen injectors end producers of from about 
9 to 30 m are particularly suitable. Boreholes free of deviations 
f ran parallel. Which cause variations of more than about 20 per cent 
of the wall distances art* particularly suitable. 

m the heat-injecfcjng wile wsed in the present process, v.he 
cement or catnant-liko mterial which is used to sa&l along the face 
of r.he oil shale fcraaticn is preferably relatively heat-conductive 
and substantially fluid-inperroeable. Particularly preferred counts 
ara stable is± teaqpMatures of at least about 800 °C, >sve a 
relatively high thermal conductivities ^ relatively low parnttability, 
little or no shrir*age# an adequate ease of probability ai*3 good 
chnnica3 resistance, etc. The peimeabiHty and disposition of the 
sealing material should provdefe a seal capable of preventing any 
significant amount of fluid f lc*r between the interior of the 
tcreholo and the face of the oil shale fcrrarion, so that the 
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txwwto- of heat Iron tJtt wail to the formation is aibfltantaally 
«ntireJy fey conduction. Wbczc portions of the heat-injecting u»n 
borehole are effective J y iiKxeased in diameter near upper and lower 
cxtrcaitiea of thu treatment interval, fqv example, )yy under- 
reaming, the diauaters of the iiuxeased portions are preferably at 
least about 110% of Lbe rrxninai horeholH dianetar* Cal.cj.wu 
aiuarinate-fccnn'ed concretes aitd/or cemantfi containing aluwina- 
eilicate aggregates (or fine parLicJ.es) are partaculwrly &uitablo 
for use as such fomrtion face-sealing satenftOs. Exanptes of 
suitable assents and cmaretes include those described irj «3 
Intents such as 3,37£>,252; 3,507,332 and 3,595,642. 

Figure 8 shovs a portion of a hcat-injocting wall borehole, 
boretolo 1, which is suitable far use in the present invention and 
is located within a troatftient interval of subteranean oil shale 
deposit. T*aretolc 1 ocnt&ina «alargwd portions, such as portione 2 
•aid 3, which can be fomod by conventional prooodorcs such as 
undonxDaaiirtg during drilling, etc. k casing 4 is slwwn positioned 
within the borehole and Demoted into place with a fluid- 
iJipenieablo, hoat-cenductive Material, such a& oss-nt* 

Within each enlarged borehole portion, tho casing 4 is 
equipped with at least one h-at^oojiductive metal element, sacn as 
collar 6, containing radially extensive eWnta or portions, such 
as flexible metal mentoers 7. Bach hoatr-conductivo Materials form 
relatively highly conductive paths for conducting heat fron within 
the. interior of a borehole to substantially the wail of an enlarged 
portion of the borehole. Espies oi suitable heat-conductive netal 
elements include netal wall acratchere, turbnlenc* Answers, 
central i^ers and the lite such as a Haranor-iok rurbobonder, or 
Boltk* Tiirtbbcoder, available fxm Bakerline division of Hater OU 
tools or a 101 Bar S ocntralizur available from Antelope Oil Tbol 
awi Msimfacfciring Ccwpany, cto. 

With an arangenwt of the type shown in Kigure B, at least to 
eon* ex-tent, tie? front of heat transmitted awe? from a hest- 
iujacting well cam be mode tots uniform along a vertical line 
traversing a layer of relatively low heat conductivity without the 
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neceaaity of rauntatning a highur tenperoture in the portly of the 
well adjacent to that Layer, When a unifouu tutoptttsitura is 
inaintained within tto interior of the lxrehole, tha earth fhraation 
face, aloorj *uch on enlarged portion of the borehole bcocnaw heated 
to substantially the sauc twpuatuxe a* thm fotsvUoci iaoe along 
narrower portions of the bcsrahol*, sine* tha face of the formation 
artjojning the borehole is boated to the hi.ghe*t tenperatare of arty 
portion in tha fannaUcn, lh- too|x*afcurc gradient axtending- 
radialiy away iron the enlarged paction of the baro-bola is shifted 
radially away frcra tha. borshyJ** 

Tn general, tha heating of tba jurttarior of tha haat-inj«cting 
well can be eoccftpUahed by substantially any type erf beating 
device, such as catbuaticn and/or electrical type of beating 
olemsnts, or tha like, me beating element shoold extend 
substantially tlroughout th* treatzian* interval (preferably 
t>ir«jghout at ]«iwt abojt, SO per ocat of that iirtarval) , Hbaxv a 
ca^istioo type heating element is used, a gas-fired heater ia 
pmferrad. Tha fbel and oxidant fe a OTtewtion hsater (such as 
wefchanfl and oxygen) are praf erably aupplied trough separate 
conduita leading through a heat exchaajor in whieh the inuaning 
fluids are ha&tod by the cwtfiowirtg ocotostion products. Tho bumar 
housing and fluid conduits of a exjtrbuation heate* are preferably 
installed within a well conduit vfcicfa is aurmjaded by an annular 
apace that ia filled! by the oen^nt fez sealing the face of tha oil 
chala. Ganarally suitable type* of conation heaters which could 
be arranged for use in the present process are described in us 
Patents such aa 2,070,802, 2 P 780 P 4S0 and 2,9M,270. 

An electrical resistance hontor is particularly suitable for 
haatiaof tha interim of « haat-injecting wall in tbe present 
process. A plurality of resistance elaoaats are preferably uaad. 
The nmiiatanoe eJanvnta can be nounted within or external to an 
internal conduit or rod, or singly extended into tbe tomholc tfhan 
the resistance* or* HXtamnl to, or are free of a supporting 
mlam± t sue* a* a conduit or rod r they are preferably etifaedded 
the ccrcent which coals the faca of tha oil chal* tha 
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Uiccitwfiiat interval, Generally suitable* types of electrical heating 
which ceuld be arranged fcr on© jn the present process arw 
deBc?rj.hed in US Patents SUC* ow 2,«72,445r 2,*B4 r 063? 2,67(1,802? 
2,732,195 and 2,9*4,826. 

In various reuervojj: situations, portions of on ail Hhale 
deposit which wuld, in generad, he suitefcle for uk* o« a treobnant 
interval, as; dfiisccibud in cm- pane* application may bs p&xaKbted 
by natural fracture arui/or piar«s of weakness. Cuch relatively 
v«sk rocks may xraJeigo relatively long axtmsicna of vertical 
fracture wben pressurized fluids teing displaced fexo an 
injection wall uca^ into ttma^ This ray result in extending fluid 
passageways Jxyanri tlio opening into products «*V* and/ar inu> 
adjacent aquifers capatoe of causing an ija£lcw of farter to an 
extant detrijoHntal to the oil r<wovcry process. 

Ito hava xxj* di»oov«ced that ecch preraature fracture extensions 
can be avoided by drilling sand hearting "guard wells* vithin such 
relatively weak oil shalo zones in locations surrounding a pattern 
of Jtect injecting and, fluid producing wells and/or in i™*M-*«nff 
intermittent between a heat injecting or fluid producing wall and 
an adjacent aguifiar. Suich guard walla axe used for oanductively 
heating the adjoining formations substantially throughout the oil 
rfiale interval to ba treated to a temperature which is too lew to 
gasify significant proportions of the oil stele organic ccaponento 
but is high enough to cause a significant thermal expansion of the 
rocto. When tho«w rocks are heated the natural fractures are k^it 
closed and the fracturing causal by the approaching pressurize* 
fluids (displaced away fro* Jieat-iniacting walls) tends to be 
lixnitort to horiECntal fractaxea concentrated along tha sides nearest 
to the heat-iiriecfcing wells. Wbero fluid producing «ella are 
located substantially between the heat- injecting veils and the 
guard wells, the fractures arc pxttfiarentially axtenced ***** 
wslls, Where the high fluid pressures are quickly reduced by the 
prttducrfcwn of tha in*lcwing fluid. 

lfae encountering of such relatively weak reservoir rocks is 
apt to be indacatad by an inflow of water into veil* drilled into 
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such tocka* id gsnraral , the natural f*aetixr*H wnating * relative 
vwknejw aid/or water inHcw con be theamdly oloc^d fay a 
relatively mild bsating, m long a* tho fractwro porosity i* Dot 
ttc*e than about 5 pur cent* 
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CLAIMS 

i- In a proorce in which oil is prodaoad firm a subterranean otl 
rfiala aeposU by extending at luaat one each of haat-injactijig and 
f lnid^prcrtadna into the deposit, Gfitablishing a hart- 

conductive flui^ii^eiOTabie barrier beewacn tte interior of each 
t^t-inScetilig wall imd the adjacent deposit, and then baafcir^ tlv> 
interior of each heat-injecting will at a texperator* aufficrient to 
oonductively haat oil shale terogsn and cause pyralysis. product* to 
fam fcactuttts within tJm oil shale deposit through which the 
pyrolysi5 products aro diiplacad into at least aae production well, 
an inyxuveuent for enhancing- tha uniformity of tha heat fronta 
novinj through the oil shale deposit, vfoich emprises i 

aatexraiiring variations ldth depth » tha cropofldtJon and 
properties of the oil shale deposit; 
coapleting said haat-in jecting end fluid-pixriuuing wall* 
selectively into a troatmont interval of oil shale in which 
the oil shaXe deposit (a) ia at least about 30 m thick, lb) is 
afubstantiaUy ijupsrcnubie and free of wobiXe vater, (c> has a 
occpoaition and thickrA*c &i*ch that the product of the average 
Fischar Amy grade times the thickness of the treatment 
interval ia at least aba* 900, and (d) thereby contains 
ocnpaients capable of interacting in a rannar enhancing tha 
uniformity ©f a front ot oanduativoly tranoalttod haat, with 
said well* being arranged en -that, at least siiastantiaUy 
chrco^hrot eaid treatment interval, the wall boreholee are 
substantially *>irallel and ax* asparcrtad by substantially 
ecjua* distances of at least about 6 and 
- within tha ixrtarinr of each heat-inlecting wU raintaining an 
average tsxpexoture which, selectively alaru? Raid treatznsot 
interval, is at least about «0o *c, hot is not high enough to 
tharnally darage ©guiiinent within the wall, while heat ia 
being transmitted away from the veil at a rate not sigai- 
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fieantiy faster than that permitted by the thermal can- 
Activities of the earth Jiiutotitaru iidjauent to the heated 
interval within the well. 
2. The prtcefte of claim 3 in which, to the extent, require* to 
5 keep the ratu «rt ^uch heat is transmittal t hr o u gh the oil shale 

deposit cubPt ftrr fr. lflUy uniform aloog thu axes of the heated interval 
of the heac-lnjecting veil, the tsaperaturtt at wiiich at 
lawrt one heat-injecting well is heated is relatively higher at 
depth* adjacent to portion cf Lbs oil shale deposit in which the 
to boat conductivities axe relatively lower, 

3- Bk process of claim 1 in which tha rate of heating the 
interior of at least one heac-injecting well is varied to en extent 
causing an effective levelling off of the thermal from: eo that the 
rata of advance through the oil shale oi the therrwl Cront. in 
15 continued at substantially the suae rate while the rate of increase 
of tiie te^eraum within the borehole is significantly roSnaxL 
4. tti prosese of claim l in which the heat-injesting and 
Quid-producing wells are arranged in a series of contiguous 
patterns in tfUdi each fluid-prodUicing veil is an™****** ^ ^ 
20 leeat four beat-injeefciag wells. 

3 * Frooeee of claim 4 iu which each fluicV-pjrotoing well is 
surrounded twelve heafc-in jesting *elle* 
6» rne process of claim 1 in which the oil shale grade is at 
leaet about 20 gallon* per ton and the grade-thickness prcduct is' 
23 at leaet about 45DG, 

7. The process of claim L r corpriiiog the stops of 

in each heat-anjecting well, e^tarrtaaUy thtcontoot the 
troatnent interval, sealing the faoa of the oil shale formticn 
with a eolid natarial union le relatively heat-ccoductive and 
30 substantially fluid h^rma^a? 

in at least one heat^injecting veil increasing the effective 
diawater of the bncehola in at leaet cue portion of the treatment 
interval and etttnodifi? at leaet ana heat^caondeotiva natal aleaent 
£rc« within the interior of the borehole to near the face of the 
35 cc-cnlarged portion of the barefcole? and 

in each nuid^oduoing well, eobefcantially ttajughout the 
treatment interval, establishing fluid coanunicatifln between the 
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well bore and the oil shale farnattcQ and arranging the well tor 
producing fJuld from the oil shale fomation. 

B . Che process of claim 7 in vhich the nterdol saaling tint face 
of the* oil shale farnatim along the borvbolti of a baat-inj^ctlug 
well Ls a oeanent arranged to fill autotaotially all of the Dpace 
betwren the outormitt aifctallicr uletauntu witiiiu tfco interior of tho 
borehole and the faaj of the oil shale formation, rcLOx saM <*wnt 
having a themva conductivity at 3 wort wtfawti^tally aa bi^b as 
that of tbo oil thai* formation. 

9. The process of claim L in which at least one veil located near 
an edge of a pattern oi heat-injecting ants fluu^procSocing v»11h is 
extendad suhHtantially tliroughout tha tra a t nm L interval and hairtad 
at a tenperatmra high «naogh to cause a thermal ya^andirjg and/or 
compressive stressing of thcadjaoant earth formations hot Ion 
enough to aroid significant thsnwd ncbilizatioo of cu^nic 
CXXxpoESBtsts of thtt oil ahaiii. 

10. The proooss of claim 9 in which at least ana so heated well is. 
Bubraquaitly hsattd at about the t£apoasature selected for tfre 
heaWng of the heat-injecting wells being enpioyed. 

11* Che process of claim 2 in which the v*U borttalis of said 
h^at-iiL j^tioex end £lnid producing wulla are separated by 
fcubsftantially equal distances of about 9 to 30 el 
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Shale oil i£ subsequently produced fccw a subterranean 
interval of oil shale, where tJte interval la initially 
substantially frpsanestole and contain a specified grade and. 
thickness of oil shale. Said interval is conductivity heated from 
hraehole iJYteriorft which are kept hotter -them about 600 *C and are 
hcatod at a rate such that kerogsrx pyrolysis products farmed within 
the- oil state create end fla* through horizontal fractures which 
subsequently beoaoa cartandsd into fUild^roauclng wolls that axe 
positioned in specified locatLm* 



